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ABSTRACT 

A method for treating a solid tumour or cancer in a subject, the method comprising 
administering to the subject an effective amount of a Coxsackie A group virus or a 
modified form thereof such that at least some cells in the tumour are killed by the virus. 



AUSTRALIA 

Patents Act 1990 
Virotarg Pty Ltd 

COMPLETE SPECIFICATION 

Invention Title: 

Method of Treating a Malignancy in a Subject 



The invention is described in the following statement: 



Field Of The Invention 

The present invention relates to methods of treating solid tumours or malignancies, 
and phannaceutical compositions for use in same. The invention finds veterinary use as 
well as broad application in the human medical field. 

Background Of The bivention 

Viruses capable of inducing lysis of malignant cells through their replication 
process are known as oncolytic viruses and trials using oncolytic viruses to treat 
malignancies have been performed (Nemunaitis J; 1999). Most oncolytic viruses require 
proliferation in the same species or cell Hneage. Infection of a cell by a virus involves 
attachment and uptake into the cell which leads to or is coincidental with uncoating of 
the viral capsid, and subsequently replication within the cell (Fenner F., et al. The 
Biology of Animal Viruses. Academic Press. New Yoric, 1974 Second Ed.) 

Oncolytic viruses assessed for capacity to kill cancer cells have included the 
adenovirus subtype Egypt 101 virus which showed oncolytic activity in the HeLa 
uterine/cervix cancer cell line, mumps virus for treatment of gastric carcinoma, uterine 
carcinoma and cutaneous carcinoma, Newcastle Disease Virus (NDV), influenza virus 
for treatment of ovarian cancer, and adenovirus for treatment of for instance, cervical 
carcinoma (Nemunaitis J; 1999). Other reports have indicated that adenoviruses and 
attenuated poliovirus recombinants may have use in the treatment of malignant glioma 
cells (Alemany R., et al 1999; Andreansky S.S., 1996), and that reovirus shows lytic 
capability in human U87 glioblastoma cells and NIH-3T3 cells with an activated Ras 
signalling pathway (Coffey M.C, et al, 1998; Strong J.E. et al, 1998). 

In addition, a vaccinia oncolysate has been used in clinical trials to treat melanoma 
(Stage II) patients (Nemunaitis J., 1999). Modified, non-neurovirulent Herpes simplex 
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viruses (HSV) have also been reported as showing promise for the treatment of brain 
tumours including intracranial melanoma, and subcutaneous human melanoma 
(Randazzo B.R., 1997), while adenovirus infection has been reported to enhance killing 
of melanoma cells by the plant mitotoxin, saporin (Satyamoorthy K., 1997). 
5 Using viruses to target and destroy cancer cells involves complex biologies that 

include interactions with host cell machinery and immune response effectors (Hirasawa 
et al. 2003). Metastatic tumour spread is a pathological process associated with a senes 
of adhesion/de-adhesion events coupled with regulated tissue degradation. It is known 
that adhesion to and migration through the extracellular matrix is essential for tumour 
10 invasion. The largest family of extracellular adhesion molecules is the integrin family 
(Marshall J.F. and Hart I.R., 1996) and members of the avp group of integrins have been 
shown to be expressed on a variety of cell types. For instance Ovpi is expressed on 
neuroblastoma, melanoma and osteosarcoma cells, avpa is expressed on melanoma, 
glioblastoma and renal carcinoma cells, and a^S is expressed on melanoma cells as is 
15 ttvPs (Marshall J.F. and Hart I.R., 1996). 

A few of the latest additions to the growing list of oncolytic RNA viruses include 
strains of the common-cold virus Coxsackivims A13, A15, AI8 and A21, which are 
emerviruses belonging to the family Picomaviridae (King et al. 2000). The receptors 
involved in the binding and infection of host cells by A13, A15, A18 and A21 have been 
20 identified as intercellular adhesion molecule-1, (ICAM-1) and decay accelerating factor, 
(DAF) (Shafren, 1997). Binding of the Coxsackievirus to surface expressed DAP is, 
however, not sufficient to initiate a prodiictive infection unless ICAM-1 is also present 
on the host cell surface (Shafren, 1997). ICAM-1 has been shown to be responsible for 
subsequent viral entry into the cell, uncoating and replication (Shafren et al. 1995). 
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Interestingly, ICAM-1 upregulation has been associated with the metastasis and 
disease progression in many cancers (Johnson, 1999; Natah et al, 1990 and van de 
Stolpe & van der Saag, 1996). 

Despite progress being made in the treatment of malignancies, the treatment of 
5 soHd tumour cancers including colo-rectal, pancreatic and ovarian cancers presents a 
major challenge for research and there remains the need for alternatives to existing 
therapy approaches. 

Sunmiarv Of The Invention 

10 The present invention stems from the surprising finding of significant killing of 

abnormal cells can be achieved with the use of a virus and the recognition/interaction of 
cell expressed markers utilised by the virus for infectivity of the cells. 

The present inventors have surprisingly found that strains of viruses that nomially 
cause flu-like symptoms or the common cold in animals can be used to target and kill 

15 solid tumours, malignancies or cancers. 

According to a first aspect, the present invention provides a method for treating a 
solid tumour in a subject, the method comprising administering to the subject an 
effective amount of a Coxsackie A group virus or a modified form thereof such that at 
least some cells in the tumour are killed by the virus. 

20 Preferably, the solid tumour is selected from ovarian cancer, pancreatic cancer, 

gastrointestinal cancer, colo-rectal cancer or oesophageal cancer. Preferably, the 
Coxsackie A group virus is selected from the group consisting of CAV13, CAV15, 
CAV18, CAV21, modified forms thereof, and combinations thereof More preferably, 
the Coxsackie A group virus is selected firom CAV13, CAV15, CAV18, or CAV21. 
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8 in a preferred fono, the Coxsackie A gioup virus is CAV15 or CAV21. 

^ Preferably, the Coxsadde A gioiq) virus CAV15. More preferably the CAV15 is G-9. 

- In another preferred fonn. the Coxsackie A group virus is CAV21. More 

^ preferably, the CAV21 is KuykfsndaU strain. 

^ 5 In a preferred form, the Coxsackie A group virus or modified fcnns or 

combioations ttiereof recognise ICAM-1. 

Inapieferredfonn.thevinisisarecoinbiMntviru5. 



m another preferred form, the virus is administered to a human subject 
g Preferably, the vims is administered intravenously, intratumourally, intraperiloneally, 

g ,0 irrtranmsculariy. intiaocularly. oraHy, transdcrmaUy or to^^^ 

O virus is administered intratumourally or intravenously. 

S Id a preferred form, the vims is administered in a dosage greater than aboirt 

1x10* plaque forming units per ml of imioculant. Preferably, the dosage is betwcai UIO* 
and kio"' plaque forming units per rol of innoculant. 
,5 Id a preferred form, the method of the invention fiiither con^iiises administering 

the viius to the subject in combination with an effective amount of a chemofherapcnlic 
agent 

In another preferred fonn. the method of flie invention further comprises 
administering the virus to the subject in oomWnation *ith an effective amount of a 

30 probiotic agent 

In an embodiment of the invraition the solid tomom- or cancer is selected fiom 

the group consisting of ovarian cancer, pancreatic cancer, gastrointestinal cancer, stomach 
cancer, intestinal cancer, colorectal cancer, oral cancer, oesophageal cancer and glioma- 
Accordmg to a second aq»ect, the present invention provides a phannaceutical 
25 composition when used in treating a solid tumour or cancer in a subject, the composition 
comprising an effective amount of a Coxsackie A group virus or a modified form thereof 
together with a pharmaceutically acceptable diluent or carrier- 
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Preferably, the solid tumour or cancer is selected from ovarian cancer, pancreatic 
cancer, gastrointestinal cancer, colo-rectal cancer or oesophageal cancer. 

Preferably, the Coxsackie A group virus is selected from the group consisting of 
CAV13, CAV15, CAV18, CAV21, modified forms thereof, and combinations thereof. 
5 More preferably, the Coxsackie A group virus is selected from the group consisting of 
CAV 1 3, CAV 1 5, CAV 18, or CAV21 . 

In a preferred form, the Coxsackie A group virus is CAV15 or CAV21. 
Preferably, the Coxsackie A group virus is CAVl 5. More preferably the CAV15 is G-9. 
In another preferred fom, the Coxsackie A group virus is CAV21. More 
10 preferably, the CAV2 1 is Kuykendall strain. 

In a preferred form, the Coxsackie A group vims or modified forms or 
combinations thereof recognise lCAM-1. 

In another preferred form, the pharmaceutical composition is administered to a 

human subject. 

15 Preferably, the pharmaceutical composition is administered intravenously, 

intratumourally, intraperitoneally, intramuscularly, intraocularly, orally, transdermally or 
topically. More preferably, the composition is administered intratumourally or 
intravenously . 

In a preferred form, the pharmaceutical composition comprises greater than about 
20 1x10^ plaque forming units per ml of virus. Preferably, the composition comprises 
between 1x10^ and IxlO'" plaque forming units per ml of virus. 

In a preferred form, the pharmaceutical composition further comprises an effective 
amount of a chemotherapeutic agent. 

In another preferred fomi. the phamiaceutical composition further comprises an 
25 effective amount of a probiotic agent. 
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According to a third aspect, the present invention provides use of an effective 
amount of a Coxsackie A group virus or a modified form thereof in a method for treating 
a soHd tumour or cancer in a subject wherein at least some cells in the tumour are killed 
by the virus, 

5 Preferably, the solid tumour or cancer is selected from ovarian cancer, pancreatic 

cancer, gastrointestinal cancer, colo-rectal cancer or oesophageal cancer. 

According to a fourth aspect, the present invention provides use of an effective 
amount of a Coxsackie A group virus or a modified form thereof in the manufacture of a 
medicament for treating a solid tumour or cancer in a subject wherein at least some cells 
10 in the tumour are killed by the virus. 

Preferably, the solid tumour or cancer is selected from ovarian cancer, pancreatic 
cancer, gastrointestinal cancer, colo-rectal cancer or oesophageal cancer. 

Throughout this specification, unless the context requires otherwise, the word 
"comprise", or variations such as "comprises" or "comprising", will be understood to 
15 imply the inclusion of a stated element, integer or step, or group of elements, integers or 
steps, but not the exclusion of any other element, integer or step, or group of elements, 
integers or steps. 

Any discussion of documents, acts materials, devices, articles or the like which has 
been included in the present specification is solely for the purpose of providing a context 
20 for the present invention. It is not to be taken as an admission that any or all of these 
matters form part of the prior art base or were common general knowledge in the field 
relevant to the present invention as it existed in Australia before the priority date of each 

claim of this application. 

hi order that the present invention may be more clearly understood, preferred 
25 forms will be described with reference to the following drawings and examples. 
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Brief Description of the Drawings 

Figure 1 shows immunoperoxidase staining of surface ICAM-1 expression on 
melanoma cells. ICAM-1 expression (white arrows) is indicated by dark cell staining; 
5 Figure 2 shows relative levels of ICAM-1 and DAF expression by the melanoma 

cell lines Sk-MeI-28 and ME4405; 

Figure 3 indicates lytic infection of two human melanoma cells lines by 
Coxsackieviras A21 at different time intervals post infection; 

Figure 4 indicates lytic infection of human melanoma cells from a primary 
10 melanoma induced in a nude mouse with various doses of Coxsackievirus A21 ; 

Figure 5 indicates lytic infection of preparations of suspension and adherent 
primary malignant cells from a chest wall melanoma by Coxsackievirus A21 at 20 hours 
post infection; 

Figure 6 (A) indicates lytic infection of six human melanoma cell lines by 
15 Coxsackievirus A21 at twenty-three hours post infection; (B) indicates results of flow 
cytometric analysis of DAF (dark line) and ICAM-1 (lighter line) on the surface of 
human melanoma cells; 

Figure 7 indicates lytic infection of different tumour cell lines by representative 

human enteroviruses; 

20 Figure 8 indicates lytic infection of a human melanoma biopsy from lymph node 

by human enteroviruses Coxsackievirus A21 and 33; 

Figure 9 indicates lytic infection of prostate cancer cells by selected 
Coxsackievirus; 

Figure 10 shows the capacity of CAV21 and CAV15 to specifically lytically 
25 destroy melanoma cells without infecting non-melanoma cells; 
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Figure 1 1 indicates subcutaneous administration of CAV21 infected cells to NOD- 
SCn) mice inhibits human melanoma tumour fomiation; 

Figure 12 is a graph showing results of intratumoural treatment of preformed Sk- 
Mel-28 melanoma with C A V2 1 ; 
5 Figure 13 is a graph showing results of intratumoural treatment of preformed Sk- 

Mel-28 melanoma with CAVl 5; 

Figure 14 shows Sk-Mel-28 tumours 35 days post inoculation with PBS (left 
tumour) and CAV 1 5 (right tumour); and 

Figure 15 is a graph showing the effect of intratumoural treatment of preformed 
10 ME4405 melanoma with CAV21 . 

Figure 16 is a graph indicating the lytic ability of CVA21 to destroy human colon, 
ovarian and pancreatic tumour cells. 

Mode(s) for Carrying Out the Invention 
15 Although it is known that some naturally occurring Picomavirus and other viruses 

such as reoviruses are suitable for use in treatment of limited types of cancers, there is 

still a need to develop improved treatments. 

As described herein, the present inventors have discovered that Coxsackie A group 

viruses can be used to lytically solid tumours or cancers. Cells that are "susceptible" are 
20 those that demonstrate induction of cytopathic effects, viral protein synthesis, and/or 

virus production. 

The Coxsackie A group virus may be naturally occurring or modified. The 
Coxsackie A group virus is "naturally-occurring" when it can be isolated from a source 
in nature and has not been intentionally modified by humans in the laboratory. For 
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example, the Coxsackie A group viras can be obtained from a "field source": that is, 
from a human patient. 

The Coxsackie A group vims may be modified but still capable of lytically 

infecting a solid tumour or cancer. 

5 The Coxsackievirus may be a recombinant Coxsackievirus from two or more 

types of Coxsackieviruses with differing pathogenic phenotypes such that it contains 
different antigenic determinants thereby reducing or preventing an immxme response by 
a mammal previously exposed to a Coxsackievirus subtype. 

In the methods of the invention, Coxsackie A group virus is administered to a 

10 solid tumour or cancer in the individual subject. A combination of different serotypes 
and/or different strains of Coxsackie A group virus, such as Coxsackievirus from 
different species of animal, can be used. If desired, the Coxsackievirus can be 
chemically or biochemically pretreated (e.g., by treatment with a protease, such as 
chymotrypsin or trypsin) prior to administration to the neoplasm. Such pretreatment 

15 removes the outer coat of the virus and may thereby result in better infectivity of the 
virus. 

The solid tumour or cancer is an abnormal tissue growth, generally forming a 
distinct mass, that grows by cellular proliferation more rapidly than normal tissue 
growth. Solid tumour cancers show partial or total lack of structural organization and 
20 functional coordination with normal tissue. Preferably, at least some of the cells of the 
solid tumour or cancer express ICAM-1. Solid tumours or cancers that are particularly 
susceptible to treatment by the methods of the invention include colorectal cancer, 
ovarian cancer, pancreatic cancer, oesophageal cancer, stomach and intestinal cancer, 
etc. 
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The Coxsackievirus is typically administered in a physiologically acceptable 
carrier or vehicle, such as phosphate-buffered saline, to the solid tumour or cancer. The 
route by which the Coxsackievirus is administered, as well as the formulation, carrier or 
vehicle, will depend on the location as well as the type of the solid tumour or cancer. A 
5 wide variety of administration routes can be employed. For example, for a solid tumour 
cancer that is accessible, the Coxsackievirus can be administered by injection directly to 
the tumour. The Coxsackievirus can also be administered subcutaneously, 
intraperitoneally, topically, orally (e.g., for oral or esophageal cancer), or rectally (e.g., 
for colorectal cancer). 

10 The Coxsackievirus is administered in an amoimt that is sufficient to treat-the 

solid tumour (e.g., an "effective amount")- A solid tumour or cancer is "treated" when 
administration of Coxsackievirus to cells of the tumour effects oncolysis of the tumour 
cells, resulting in a reduction in size of the tumour, or in a complete elimination of the 
tumour. The reduction in size of the tumour, or elimination of the tumour, is generally 

15 caused by lysis of solid tumour or cancer cells ("oncolysis") by the Coxsackievirus. The 
effective amount will be determined on an individual basis and may be based, at least in 
part, on consideration of the type of Coxsackievirus; the individual's size, age, gender, 
and the size and other characteristics of the solid tumour or cancer. For example, for 
treatment of a human, approximately 10^ to 10^^ plaque forming units (PFU) of 

20 Coxsackievirus can be used, depending on the type, size and number of tumours present. 
The Coxsackievirus can be administered in a single dose, or muhiple doses (i.e., more 
than one dose). The multiple doses can be administered concurrently, or consecutively 
(e.g., over a period of days or weeks). The Coxsackievirus can also be administered to 
more than one solid tumour or cancer in the same individual. 
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It will also be appreciated that the Coxsackievirus can be indirectly administered 
by using the RNA genome or a complementary DNA copy of the genome. When 
administered, the Coxsackievirus will still be able to replicate in the cell and cause the 
desired lytic infection and killing. 

5 Desirably, the virus will normally be selected from Coxsackie A-group viruses. 

CAV21 is preferred and in particular CAV21 (Kuykendall) (Sickles G.M., Proc. Soc. 
Exp. Biol. Med. i02:742; Shafren D. et al J. Virol 1997, 71:4736; Hughes et al, J. Gen 
Virol. 1989, 70:2943; Schmidt, N.J., et al, Proc. Soc. Exp. Biol. Med., 1961, 107:63. 
CAV21 (Kuykendall) is available from the American Type Culture Collection (ATCC) 

10 1 0801 University Boulevard, Manassas, Virginia 201 1 0-2209, United States of America 
under Accession No. VR-850. 

Typically, the patient will be treated with an initial dose of the virus and 
subsequently monitored for a suitable period of time before a decision is made to 
administer fiirther virus to the patient pending factors such as the response of the patient 

15 to the initial administration of the virus and the degree of viral infection and malignant 
cell death resulting from the initial treatment. 

Desirably, an individual will be treated with the virus over a period of time at 
predetermined intervals. The intervals may be daily or range from 24 hours up to 72 
hours or more as determined appropriate in each circumstance. The same or a different 

20 virus may be administered each time to avoid or minimise the effect of any immune 
response to a previously administered virus, and a course of treatment may extend for 
one to two weeks or more as may be determined by the attending physician.. Most 
preferably, virus to which the mammal has not previously been exposed or to which the 
mammal generates a relatively minor immune response as may be determined by 

25 standard techniques will be administered. 
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While readily available known viruses may be suitably employed in a method of 
the invention, a virus modified or engineered using conventional techniques may also be 
utilised. For instance, a virus may be modified to employ additional cell adhesion 
molecules as cell receptors. For example. Coxsackievirus A21 may be modified using 

5 site-directed mutagenesis so that the peptide motif "RGD" is expressed on the viral 
caspid surface as is the case with Coxsackievirus A9 (CAV-9). The RGD motif is 
recognised by all the tty integrin heterodimers and this capsid modification may for 
instance allow the virus to bind the integrin ttvPs, a cell adhesion molecule which has 
been shown to be up-regulated in combination with ICAM-1 on the surface of malignant 

10 melanoma lesions (Natali P.G.; 1997) leading to enhanced uptake of the virus via 
interaction with the integrin molecule or subsequent interaction with ICAM-1. 
Alternatively, the virus may be modified to recognise a selectin such as E-selectin. 

The invention will now be described with reference to a number of examples 
described below. 

15 

Example 1 
LL Cell Lines 

Continuous cultures of Rhabdomyosarcoma expressing ICAM-1 cells (RD-ICAM- 
I), HeLa-B cells, and human lung fibroblast cells (MRC5) were maintained in 

20 Dulbecco's Modified Eagle's Medium (DMEM) and 10% fetal calf serum (FCS). Two 
melanoma cell lines Sk-Mel-28 and ME4405 were obtained fi-om Dr. Ralph (Department 
of Biochemistry and Molecular Biology, Monash University, Victoria, Australia) and 
Dr. Peter Hersey, Cancer Research Department, David Maddison Building Level 4, 
Royal Newcastle Hospital, Newcastle, New South Wales, Australia, respectively. The 

25 cell line Sk-Mel-28 is a metastatic melanoma cell line found to be resistant to 
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chemotherapeutic drugs (56). The melanoma cell culture ME4405 was established fiom 
specimens of primary melanoma lesions (69). The two melanoma cell lines were 
maintained in DMEM containing 10% FCS. Rhabdomyosarcoma cells (RD) a. 
heteroploid human embryonal cell line, and HeLa-B cells an aneuploid cell clone 

5 derived from human squamous epithelial cells, were obtained fiom the Entero- 
respiratory Laboratory, Fairfield Hospital, Melbourne, Victoria, Australia. RD cells 
stably transfected with cDNA encoding the immunoglobulin superfamily molecule 
lCAM-1 providing the RD-ICAM-1 cell line have been described elsewhere (Shafren 
DR, et al; 1997). MRC5 cells, derived from human lung fibroblasts were obtained from 

10 Bio-Whittaker,USA. 
1.2. Viruses 

Strains of CAV21 (Kuykendall strain), CAV15 (G-9) and CVB3 (Nancy) were 
obtained from Margery Kennett, Entero-respiratory Laboratory, Fairfield Hospital, 
Melbourne, Victoria, Australia. 
15 1.3. Virus Propagation 

RD-ICAM-1 cultures (80-95% confluent) were infected with lO" TCID50 (50% 
tissue culture infectious dose) of Coxsackievirus A strains according to standard 
procedures. Infected cells were incubated at ST'C until complete cytopathic effect was 
observed (within 2 days). Cells were then frozen at -80°C and thawed to release the 
20 remaining intracellular virus particles. The virus-containing medium was clarified of 
cellular debris by centrifugation for 5 min at 1000 x g and stored as 500 pi aliquots at 
-80°C. CVB3 was propagated in HeLa-B cells in the same manner as described above. 
1.4 Monoclonal Antibodies (MAbs) 

MAb 1H4 which recognises the third SCR of DAF (24) was a gift from Dr. B. 
25 Loveland, Austin Research InstiUite, Melbourne, Victoria, Australia. MAb WEHI-CAM 
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recognises the first domain of ICAM-1 (Berendt AR, et al; 1992) and was provided by 
Dr. A. Boyd, Walter and Eliza Hall Institute, Melbourne, Victoria, Australia. 
L5. Flow Cytometric Analysis 

Cells (1x10^ in 100 jil aliquots were incubated with Mab IH4 or Mab WEHI- 

5 CAM diluted in DMEM containing 1% FCS on ice for 30 min. The cells were then 
washed with 5.0 ml of PBS, pelleted at 1 ,000 x g for 5 min and resuspended in 100 jil of 
fluorescein isothiocyanate-conjugated goat anti-mouse immunoglobulin G (Silenus, 
Melbourne, Australia) diluted in PBS. Following incubation on ice for 30 min the cells 
were washed and pelleted, and resuspended in PBS for analysis with a FACStar analyser 

10 (Becton Dickinson, Sydney, Australia). 
L6. Colourimetric Infectivity Assay 

The stock virus solutions of CAV21 and CAV15 were serially diluted 10-fold in 
DMEM containing 1% foetal calf senim (FCS). RD-ICAM-1 cell monolayers in 96- 
well plates were inoculated with 100 \i\ of serial dilutions of the viruses for 48h at 

15 To quantitate cell survival, monolayers were incubated with 100^1 of a crystal violet- 
methanol solution (5% w/v crystal violet, 10% v/v methanol, 10% v/v formaldehyde 
solution in PBS) and washed with distilled water. The plates were read on a multiscan 
enzyme-linked immunosorbent assay plate reader at a wavelength of 540 nm. Fifty 
percent endpoint titres were calculated (Reed U and Muencb HA; 1 938) and expressed 

20 as 50% tissue culture infectious dose (TCID50) per millilitre. A well was scored positive 
if absorbance was less than three standard deviations of the no-virus control. The 
TCID50 for CAV2I was determined to be 2.7 x 10"* units per ml while for CAV15, the 
TCFDso was determined to be 1 .6 x 10"* units per ml. 



25 
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L7. Surface Expression oflCAM-l andDAF 

The relative levels of ICAM-1 and DAF expression on the surface of the 
melanoma cell lines SK-Mel-28 and ME4405 was determined by flow cytometric 
analysis. The results are shown in Fig 2. 

5 As can be seen, flow cytometric analysis revealed comparable high level ICAM-1 

and DAF expression on the surface of the two melanoma cell lines. A further 6 
melanoma cell lines derived ifrom metastatic melanomas also expressed high levels of 
ICAM-1 and DAF (data not shown). The finding of high level ICAM-1 expression on 
all the metastatic melanoma cells tested supports several reports in the literature noting 

10 increased levels of lCAM-1 expression in vivo correlates with increased metastatic 
ability (Johnson JP, et al:1988; Kageshita T, et al:1993; Miller BE and Welch DR:1990; 
Natalie PG, et al:1997). 

Example 2 

15 2.7. Infection of Melanoma Cell Lines by CAV21 

Monolayers of two culture-adapted melanoma cell lines Miller and MM200 were 
infected with CAV21 prepared in Example 1 at a multiplicity of infection of 1.0 for 1 
hour prior to removal of the inoculum and the cells incubated in culture medium 
(DMEM containing 1% foetal calf serum and penicillin streptomycin) for 24 hours at 

20 37°C. The results shown in Figure 3 indicate that CAV21 was able to induce significant 
changes in the cellular cytopathology of both cell lines as eariy as five hours post 
infection (PI) and by nine hours PI almost complete killing of all the melanoma cells. 



25 
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Example 3 

3 J. Infection of Melanoma Cells from Primary Melanoma by CA V21 

Cells from a primary melanoma removed from a nude mouse that had been 
previously subcutaneously inoculated with human melanoma cells from cell line ME 
5 4405 using conventional methods, were highly susceptible to CAV21 infection and 
killing, even at a challenge rate of 0.005 CAV21 particles per melanoma cell as shown 
in Figure 4. 

Example 4 

10 4.L Infection of Melanoma Cells Isolated From Tissue Biopsy by CA V21 

Melanoma cells were isolated from fresh biopsy of a primary chest wall melanoma 
by the "spilling" technique and by digestion in collagen-trypsin and DNAase. Briefly, 
cells were released from the melanoma biopsy by macerating the biopsy with the 
plunger of a 10ml syringe. The resulting melanoma cell suspension was purified on a 
15 Ficol-Hypaque (Amersham Pharmacia, Uppsala, Sweden) gradient. Contaminating 
fibroblasts and leucocytes were removed by mixing with Dynal beads coated with 
monoclonal antibodies (Mab's) to human fibroblasts (Cat#; MAS516X, SeraLab) and to 
the leucocyte common antigen (CD45, Cat# 17-0804-3, Amrad Biotech, Victoria, 
Australia). 

20 Subsequently, 1x10^ cells were placed into wells of a 24-well tissue culture plate 

and inoculated with approximately 1x10^ plaque forming units of CAV21 prepared in 
Example 1. Following incubation at 2VC for 20 hours, cells were assessed for cell 
death by staining with propridium iodine and microscopic analysis. 

Figure 5 shows that both adherent and suspension primary melanoma cells were 

25 efficiently killed as a result of CAV21 infection during the 20 hour incubation period. 
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Example 5 

5.1 Expression of ICAM-1 and DAF on Melanoma Cetts Susceptible to CAV21 
Infection 

To confinn melanoma cells are highly susceptible to infection and resultant killing 
by CAV21, six additional human melanoma cell lines derived from primary human 
melanomas were infected with C AV2 1 prepared in Example 1 . 

Figure 6(A) indicates that all melanoma cell lines except one (ME 105) were killed 
as a result of CAV21 infection during a 23 hour incubation period. 

To confirm high level expression of ICAM-1 and DAF on the surface of maKgnant 
melanoma cells, cells from each cell line were treated with the Mab 1H4 and Mab 
WEHI-CAM. The binding of the anti-DAF and anti-ICAM-1 Mab was detected by flow 
cytometric analysis as described above. The fluorescence histograms shown in Figure 
6(B) confirm high level expression of DAF and ICAM-1 on the surface of all melanoma 
cell lines examined except the ME 105 cell line. The lack of DAF and lCAM-1 
expression rendered this cell line refractile to CAV21 infection. 

Example 6 

6.1 Selective Infection of Melanoma Cells Expressing lCAM-1 

To highlight the selective nature of CAV21 infection of lCAM-1 expressing 
human melanoma cells, monolayers of melanoma cell line MM 200 were inoculated 
with approximately 1 x 10* plaque forming units of CAV21, Coxsackievirus B3 
(CVB3), Echovirus type 7 (E7) or Coxsackievirus 31 (CVBl) in wells of a 24-weIl 
tissue culture plate for one hour at 37°C, respectively. The viral inoculate was 
subsequently removed and the cell monolayers then washed with phosphate buffered 
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saline (PBS), and 1.0 ml of DMEM containing 1.0% foetal calf serum was addded to 
each well and the cells incubated at 37»C for 48 hours. To quantitate cell survival, 
monolayers were incubated with a crystal violet/methanol solution, washed with distilled 
water and microscopically examined at ICQ X. 
5 Figure 7 shows that following the 48 hour incubation period only CAV21 infected 

the MM 200 melanoma cells while the reverse occurred in the rhabdomyosarcoma cells 
(RD) where CVBl, CVB3 mi E7 infection and killing is evident. RD cells express 
DAF but no ICAM-1. However, when ICAM-1 is expressed on the stirface of RD ceUs 
they are highly susceptible to CAV2 1 induced infection and killing. 

10 

Example 7 

7.1 Infection of Melanoma Biopsy With CAV21 

Sections of solid human melanoma lymph node biopsies were placed in wells of a 
24-well tissue culture plate and mock infected or challenged with approximately 1x10* 
1 5 plaque forming units of CAy2 1 or CVB3. 

The results shown in Figure 8 indicate that CAV21 infection resulted in severe 
tissue destruction around the perimeter of the melanoma biopsy treated with that virus 
while no detectable viral membrane destruction was observed in the mock and CVB3 
infected biopsies. 

20 

Example 8 

Lytic Infection of Human Melanoma Cells by CA V21 and CA VI 5 
To assay the oncolytic potential of CAV15 and CAV21 on human melanoma cell 
lines, Sk-Mel-28 and ME4405 cells were seeded into flat-bottom 96-well microtiter 
25 plates (Becton Dickinson) at 3 x 10* cells per well. Following incubation for 24 h at 
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37°C, culture medium was removed and replaced with fresh medium containing the 
appropriate viral serial dilution in a final volume of 100 jil. Stock viral preparations 
were serially diluted lO ' through to lO '. Following viral inoculation, the plates were 
incubated at 37°C for 48 h and cell survival was detected by crystal violet staining as 

5 described above. 

All three cell lines RD-ICAM-1, Sk-Mel-28 and ME4405 were found to be 
permissive to lytic infection by both CAV21 and CAV15. Following an incubation 
period of 48 h, the no virus control showed no signs of viral induced CPE while 
extensive cell lysis was observed across all cell cultures at a dilution of 10 ' and lO l At 
10 higher viral dilutions Sk-Mel-28 cells were shown to be more permissive to viral lysis 
compared to ME4405 and RD-ICAM-1 cell lines. 

The overall oncolytic potential of CAV21 and CAV15 was higher in the 
melanoma cell lines, compared to the control RD-ICAM-1 cells. While all cell types 
express similar levels of ICAM-1. DAF expression in RD-ICAM-1 ceils is significantly 
15 lower than on melanoma cells (see Figure 2) accounting for lower viral attachment via 
DAF to RD-lCAM-1 cells. DAF has previously been shown to be a low affinity 
sequestration molecule for many Coxsackieviruses, assisting the capture of virus 
parUcles and hence infectivity of the cells(Lea SM, et al; 1998). The presence of higher 
levels of DAF expression on the melanoma cell lines compared to the RD-lCAM-1 cells 
20 increases the probability of viral access to ICAM-1 receptors, thus leading to an 
increased level of infection and cell lysis. 

8.2. Lytic Infection of Human Prostate Cancer Cells by Coxsackievirus 

Cells from the human prostate cancer cell line CP3 (which expresses ICAM-1) 
were seeded into a flat-bottom 96-well microtitre plate (Becton Dickenson) at 3 x lO" 
25 cells per well and treated with serial dilutions of CAV13. CAV15, CAV21 and the 
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Coxsackievirus B-group virus CVB3 following incubation of the cells, as described in 
Example 8.1 above. PC3 cells are available from the American Type Culture Collection 
(ATCC) Manassas, Virginia, USA under Accession No. CRL-1435. 

As shown in Figure 9, the PCS cells were highly permissive to lytic infection by 
5 CAV15. Extensive lytic infection was also observed for both CAV13 and CAV21 . 

8.3, Selective Replication ofCA V21 and CAVIS in the Human Melanoma Cell Unes 

Sk-Md-28 andME4405 

The selectivity of CAV21 and CAV15 for the melanoma cell Knes Sk-Mel-28 and 

ME4405 was studied using an in vitro specificity assay. 

10 Sterile cell culture inserts were used to divide the wells of a standard six well 

plate tissue culture plate. Inside the cell culture insert, either Sk-Mel-28 cells or 
ME4405 cells were grown, with MRC5 or RD cells grown around the cell culture insert. 
Once the cells had adhered, the cell culture inserts were removed from each of the well 
allowing the cell culture media to evenly cover the co-culture. When the perimeters of 

15 both cell populations had fused, the co-cultures were washed twice with PBS and then 
inoculated with 500 \i\ of either PBS or stock virus (10* TCID50) for 1 h at 37°C. 
Following incubation at 37X, fresh DMEM containing 1% FCS was added to each of 
the wells and the plates incubated for 48 h at 37»C in a 5% CO2 atmosphere. Cell 
monolayers were monitored by light microscopy for signs of virus-induced CPE, prior to 

20 each well being stained with 3 ml of crystal violet solution for the detection of cell 
survival from viral induced lytic infection. The capacity of CAV21 and CAV15 viruses 
to specifically lytically destroy melanoma cells without infecting non-melanoma 
surrounding cells is illustrated in Figure 10. 

As can be seen, the inner cultures of melanoma cells in each well treated with 

25 CAV21 or CAVl 5 were totally destroyed by the viruses, but were unaffected by CVB3 
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virus which does not employ ICAM-1 as a receptor for cell entry. CVB3 which employs 
the Coxsackie-and adenovirus receptor (CAR) for cell entry (10). MRC5 cells appeared 
to be refractory to lytic infection by both CAV21 and CAV15. These cells are derived 
from a human lung fibroblast culture and only express low levels of ICAM-1 
(unpublished data). The present data shows that rapid and effective lytic infection of 
target cells facilitated high level lCAM-1 and DAF expression. RD cells, which do not 
express ICAM-1. were not destroyed by either CAV21 or CAV15 infection. 
Furthermore, the results show little if any spread of CAV21 and CAV15 to receptor 
negative cells that are in direct contact with virally infected receptor-bearing cells. 

Example 9 

The lytic infection of preformed melanoma tumours in vivo was evaluated by a 
series of animal challenge experiments using NOD-SCH) mice. 
9,1. Development of Melanoma Xenografts in NODSCID Mice 

All animal work was performed under guidelines approved by The University Of 
Newcastle Animal Care and Ethics Committee. NOD-SCID mice were housed in 
pathogen-free quarters in the animal handling facility located at the David Maddison 
Building, Level 5, Newcastle, NSW, Australia. 

Sk-Mel-28 and ME4405 cells were grown in DMEM containing 10% PCS. The 
cells were harvested and washed twice with DMEM, and resuspended in sterile PBS. 
The cell concentration of the suspension was determined with a haemocytometer and 
cell viability was assessed by trypan blue staining. Only cell preparations with >$5% 
viability were used for xenotransplantation. Prior to xenotransplantation, animals were 
anaesthetised with intraperitoneal (i.p) injections of Rompun/Ketamine (50 mg/kg). For 
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the monitoring of animals and measurement of tumour growth, animals were 
anaesthetised with 3% isofluorane. 

The tumour cells were xenografted into the flank of anaesthetised 4-6 week old 
female NOD-SCID mice. Xenograft tumour growth was observed daily and measured 
5 with callipers at various intervals with all measurements recorded in millimetres over the 
course of 5 weeks. Estimates of tumour volumes were calculated using known methods 
(Davies CD, et al; 1997). 
9.2. Subcutaneous Viral Delivery 

In a preliminary experiment employing fifteen NOD-SCID mice, the local 
10 subcutaneous delivery of virus through ex vivo infected cells was assessed for inhibition 
of tumour growth. The mice in the control group (n=5) were injected subcutaneously 
with Sk-Mel-28 cells (1x10^) cells at individual sites in both the upper and lower flank. 
The CAV21 group (n=5) received an injection of Ix 10^ Sk-Mel-28 cells in the upper 
flank and a second injection of Sk-Mel-28 (1x10^) cells that had been pre-incubated with 
15 10"* TCID50 of C AV2 1 at room temperature for 1 hour ex vivo, the C A V 1 5 group (n=5), 
was treated the same as the CAV21 group except that the second injection in the lower 
flank contained Sk-Mel-28 (1x10^) cells that had been incubated with 10^ TCID50 of 
CAV15. Four weeks post-injection, a representative of the control group was sacrificed 
and shown to bear two individual tumour masses corresponding to the two injections 
20 sites of the Sk-Mel-28 (1x10^) cells. In contrast a representative of the CAV21 group 
beared no detectable tumour formation in either the uninfected cell or virally infected 
cell sites of injection (Figure 11). Upon autopsy examination, all remaining members of 
the control group were shown to possess two distinct melanoma xenograft tumour 
growths, while remaining members of the CAV21 group (17 weeks post injection) 
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exhibited no detectable tumour growth in either site of injection. Mice in the CAV15 
group exhibited no tumour formation at 4 weeks post- injection. 
9.3. Intratumoural Viral Ddivery 

Twenty NOD-SCID mice were injected with Sk-Mel 28 cells (1 x lO') in the 
5 upper flank. When the tumour volume reached ~ 50-100 mm^ the animals were 
randomly divided into groups of five and housed in separate cages. Groups of mice were 
injected intratumourally with 100 jxl of active CAV21 or CAV15 containing 10^ ^ or 
lO"^ TCEDso doses, respectively. The remaining animals received 100 of PBS 
injected directly into the xenografts. The different treatment groups were housed in 
10 individually vented cages maintained under negative pressure, ensuring that virus and 
other pathogens were contained within the individual cages. 

A dose of 10'^ or 10"* ^ TCHDjo of either CAV21 or CAV15 respectively, was 
sufficient to produce significant tumour reduction in animals bearing preforaied Sk-Mel- 
28 tumours at 14 days post-iiyection. The trend of reduction of tumour burden 
15 continued for the next 14-21 days. No detectable tumours were observed at 30-35 days 
post-injection (see figures 12 and 13). The difference observed between the CAV21 
treated group and the PBS treated control group was statistically significant (P=0.0023, t 
test). Animals bearing Sk-Mel-28 tumours and injected with CAV21 showed no clinical 
signs of CAV21 illness. The capacity of CAV15 to drastically reduce melanoma tumour 
20 burden is shown in Figure 14. At 35 days post-injection, the melanoma xenograft 
treated with PBS was approximately 2037 mm' while the CAV15 treated tumour was 
approximately 2 mm' in volume (P=0053. t test). The CAV15 treated tumour shown 
comprises mostly residual connective tissue. 
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9.4. Intratumound Delivery ofCA V21 to ME440S Xenograft 

The intratumoural deUvery of CAV21 to a different melanoma (ME4405) 
xenograft was undertaken to further confinn the anti-tumour therapy potential of this 
virus. Fifteen NOD-SCID mice were injected with ME4405 cells (5x10^ 

5 subcutaneously in a single site on the flank. When tumour volumes had reached 
approximately 500 mm^ the animals were randomly divided into groups of five and 
housed in separate cages. Five animals were injected intratumourally with 100 \»\ of 
active CAV21 containing 10^^ TCIDso doses, while five mice received 100 \i\ of PBS 
injected directly into the xenografts and the remaining five mice were left untreated. As 

10 shown in Figure 15, intratumoural administration of CAV21 was able to maricedly 
reduce tumour development of ME4405 cells within 25 days post-injection even though 
the initial pre-injection tumour volume was 5-fold greater than those utilised above. The 
ME4405 xenografts were observed to be more aggressive than the Sk-Mel-28 tumours as 
assessed by significantly faster growth rates of tumours in the control groups. 

15 The ME4405 cell line generated highly vascular aggressive tumours compared to 

Sk-Mel-28 tumours which grew at a slower rate and were not as vascular as the ME4405 
tumours. 

In contrast to mice bearing Sk-Mel-28 xenografts, when CAV21 was injected 
into animals vath ME4405 tumours, some signs of illness were observed, the most 
20 notable being a transient weakness in both the fore and hind limbs. No positional 
abnormalities were observed. 
Example 10 

W.L CVA21 oncolytic infectivity assay 

Monolayers of ovarian cancer cell lines (JAM and OVHS-1), pancreatic cancer 
25 cells lines (Panc-1 and AsPC-1) and the colon cancer cell line (LTM2537) propagated in 
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96-well tissue culture plates were inoculated with 10-fold serial dilutions (100 ^I/well in 
quadruplicate) of Coxsackievirus A21 (CVA21) in DMEM containing 1% fetal calf 
serum (FCS) and incubated at 37*C in a 5% CO? environment for 72 h. The oncolytic 
capacity of CVA21 in these cancer cell lines was expressed as an 50% percent infectious 
5 end point titre (Figure 16). The end-point titres wctc calculated using the method of 
Reed and Muench by scoring cell monolayers that exhibited detectable (microscopic 
examination) cytopathic effect (CPE) as positive for viral infection. 

Summary 

10 This study demonstrates that CAV13, CAV15 and CAV21 have the capacity to 

lytically destroy malignant cell lines. 

Specifically, the in vitro analysis of CAV21 and CAV15 infection of melanoma 
cells shows that these two viruses are able to selectively infect Sk-Mel-28 and ME4405 
cell lines as a result of the expression of lCAM-1 and DAF while each of the 

1 5 Coxsackieviruses mentioned above were able to infect and cause die death of cells of the 
prostate cancer line PC3. Moreover, the intratumoural injection of CAV21 and CAV15 
into xenografts of human melanoma cell lines grown in the flanks of NOD-SCID mice 
show that CAV21 and CAV15 possess therapeutic applications against malignant 
melanoma. The direct injection of either of the two viruses into pre-formed melanoma 

20 tumours suppressed tumour growth and led to significant tumour regression and in some 
cases complete tumour destruction compared to control animals. Furthemore, the 
delivery of cells infected by virus ex vivo yielded total inhibition of tumour growth and 
demonstrates that ex vivo CAV21 infected melanoma cells are capable of delivering 
sufficient vims to inhibit local tumour growth. In addition, injection of infected cells 
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subcutaneously in a distant region to the initial tumour challenge shows that the virus 

can travel systemically. 

In vitro cell cultures of ovarian, pancreatic and colon cancers were propagated as 
cell monolayers and incubated with increasing doses of CAV21 ranging from lO'-lO 
TCID50. Following incubation for 72 hours at ST'C, microscopic examination revealed 
that challenge with CAV21 induced significant levels of lytic cell oncolysis in all 
cultures of ovarian, pancreatic and colon cancers (Figure 16). 

The pathogenesis of CAV21 and CAV15 infections are mainly asymptomatic or 
manifest by no more than minor malaise. The Coe strain of CAV21 has recently been 
approved for live administration by the Food and Drug Administration (FDA) of the 
United States of America for the clinical assessment of specific anti-viral agents against 
CAV21 (90). The recent development of q>ecific antiviral agents against CAV21 and 
CAV15 provides the added safety precaution of drug intervention to control viral 
infection. 

In addition to the targeting and oncolysis of malignant cells by CAV13,15,18and 
21 via interactions with surface expressed ICAM-1, DAF or both ICAM-1 and DAF , 
the susceptibility such lines to destruction by the above viruses many also be due to a 
cellular defect in their interferon activation pathway which prevents such cells inhibhing 
viral infection by the action of cellular interferon (34). 

It will be appreciated by persons skilled in the art that numerous variations and/or 
modifications may be made to the invention as shown in specific embodiments without 
departing from the spirit or scope of the invention as broadly described. The present 
embodiments are. therefore, to be considered in all respects as illustrative and not 
restrictive. 



-28- 

REFERENCES CITED: 

1. Kageshita T, Yoshii A, Kimura T, Kuriya N, Ono T, Tsujisaki M, Imai K and 
Fenone S (1993). Clinical relevance oflCAM-I expression in primary lesions and 
serum of patients with malignant melanoma. Cancer Res. Oct 1 5; 53(20):4927-32. 
5 2. Kraus A, Masat L and Johnson JP (1997). Analysis of the expression of 
intercellular adhesion molecule-1 and MUC18 on benign and malignant 
melanocytic lesions using monoclonal antibodies directed against distinct epitopes 
and recognising denatured, non-glycosylated antigen. Melanoma Res. Aug?; 
Suppl2:S75-81. 

10 3. Morandini R, Boeynaems JM, Hedley SJ, MacNeil S and Ghanem G (1998). 

Modulation oflCAM-I expression by alpha-MSH in human melanoma cells and 
melanoxytes. J Cell Physiol. Jun; 175(3):276-82. 

4. Staunton DE, Merluzzi VJ, Rothlein R, Barton R, MarHn SD and Springer TA 
(1989). A cell adhesion molecule, ICAM-l is the major surface receptor for 

15 rhinoviruses. Cell. 56:849-853. 

5. Cheung NK, Walter EI, Smith-Mensah WH, Ratnoff WD, Tykocinski ML and 
Medof ME (1998). Decay-accelerating factor protects human tumour cells from 
complement-mediated cytotoxicity in vitro. J Clin Invest. Apr; 8 1 (4): 1 1 22-8. 

6. Nemunaitis J (1999). Oncolytic viruses. Investigational New Drugs 1 7:375-386 

20 7. Fenner F, McAuslan BR, Mims CA, Sambrook J and White DO. The Biology of 
Animal Viruses. Academic Press, New York, 1974 Second Ed. 
8. Alemany R, Gomez-Manzano C, Balague C, Yung WK, Curie! DT, Kyritsis AP 
and Fueyo J (1999). Gene therapy for gliomas: molecular targets, adenoviral 
vectors, and oncolytic adenoviruses. Exp Cell Res. 252:1-12. 



-29- 

9. Andreansky SS, He B, Gillespie GY, Soroceanu L, Maikert J. Chou J. Roizman B 
and Whitley RJ (1996). The application of genetically engineered herpes simplex 
viruses to the treatment of experimental brain tumours. Proc Natl Acad Sci USA 
93:11313-8. 

10. Coffey MC, Strong JE, Forsyth PA and Lee PWK (1998). Reovirus therapy of 
tumours with activated Ras pathway. Science. 282:1332-1334. 

11. Strong JE, Coffey MC. Tang D. Sabinin P and Lee PWK (1998). The molecular 
basis of viral oncolysis: Mswpation of the Ras signalling pathway by reovirus. 
17(12):335 1-3362 

12. Randazzo BP, Kesari S, Cesser RM, Alsop D, Foid JC. Brown SM. Maclean A 
and Fraser NW (1995). Treatment of experimental intracranial murine melanoma 
with a neuroattenuated herpes simplex virus 1 mutant. Virology 21 1 :94-101 . 

13. Satyamoorthy K, Soballe PW, Soans F and Herlyn M (1997). Adenovirus infection 
enhances killing of melanoma cells by a mitotoxin. Cancer Research 57:1873- 
1876. 

14. Hemmi S, Geertsen R, Mezzacasa A, Peter I and Dummer R (1998). The presence 
of human Coxsackievirus and adenovirus receptor is associated with efficient 
adenovirus-mediated transgene expression in human melanoma cell cultures. 
Human Gene Therapy 9:2363-2373. 

15. Shafren DR, Dorahy DJ, Ingham RA, Bums GF and Barry RD (1997). 
Coxsackievirus A21 binds to decay-accelerating factor but requires intercellular 
adhesion molecule i for cell entry. J Virol. Jun; 7 1 (6):4736-43. 

16. Flint SJ, Enquist LW. Krug RM. Racaniello VR and Skalka AM (2000). Principles 
of virology: molecular biology, pathogenesis, and control. ASM Press, 
Washington. 



-30- 

17. Marshall JF and Hart IR (1996). The role of w-integrim in tumour progression 
and metastasis. 

18. BjOTge L, Jensen TS and Matre R (1996). Characterisation of the complement- 
regulatory proteins decay-accelerating factor (DAF, CD55) and membrane 
cofactor protein (MCP. CD46) on a human colonic adenocarcinoma cell line. 
Cancer Immunol Inununother. 42:185-192. 

19. Nasu R, Mizuno M, Kiso T, Shimo K. Uesu T, Nasu J, Tomoda J, Okada H and 
Tsuji T (1997). Immunohistochemical analysis of intercellular adhesion 
molecule-1 expression in human gastric adenoma and adenocarcinoma. Virchows 
Arch 430:279-283. 

20. Koyama S. Ebihara T and Fukao K (1992). Expression of intercellular adhesion 
molecule 1 flCAM-l) during the development of invasion and/or metastasis of 
gastric carcinoma. J. Cancer Res. Clin. Oncol. 118:609-614. 

21 . Rokhlin OW and Cohen MB (1995). Expression of cellular adhesion molecules on 
human prostate tumour cell lines. Prostate. Apr; 26(4):205-12. 

22. Sgagias MK, Nieroda C, Yannelli JR. Cowan KH and Danforth Jr. DN (1996). 
Upregulation of DF3. in association with ICAM-1 and MHC class II by IFN- 
gamma in short-term human mammary carcinoma cell cultures. Cancer Biother 
Radiopharm. 11:177-85. 

23. Regidor PA, Callies R, Regidor M and Schindler AE (1998). Expression of the cell 
adhesion molecules ICAM- 1 and VCAM-1 in the cytosol 'of breast cancer tissue, 
benign breast tissue and corresponding sera. Eur J Gynaecol Oncol. 19:377-83. 

24. Bacuss SS. Zelnick CR, Chin DM. Yarden Y, Kaminsky DB, Bennington J, Wen 
D, Marcus JN and Page DL (1994). Medullary carcinoma is associated with 



-31 - 

expression of intercellular adhesion molecule-1. Implication to its morphology and 
its clinical behaviour. Am J Pathol. Dec; 145(6):1337-1 148. 

25. Maloney DG, Donovan K and Hamblin TJ (1999). Antibody therapy for treatment 
of multiple myeloma. Seminars in Hematology. 36 (1 Suppl 3):30-33. 

26. Femandez-Real JM, Villabona C, Femandez-Castaner M. Sagarra E, Gomez-Saez 
JM and Soler J (1996). Expression of ICAM-1 in distant metastatic thyroid 
carcinoma. J Endocrinol Invest. Mar; 19(3):183-185. 

27. Natalie PG. Hamby CV, Felding-Habermann B, Liang B, Nicotra MR, Di Filippo 
F, Giannarelli D, Temponi M, Ferrone S (1997). Clinical significance of 
alpha(v)beta3 integrin and intercellular adhesion molecule-1 expression in 
cutaneous malignant melanoma lesions. Cancer Res. Apri 15; 57(8):1554-60. 

28. Reed U and Muench HA (1938). A simple method of estimating fifty percent 
endpoints. Am J Hyg. 27:493-497. 

29. Berendt AR, McDowall A. Craig AG, Bates PA, Sternberg MJE. Marsh K, 
Newbold CI and Hogg M (1992). Ihe binding site on ICAM-1 for plasmodium 
falciparum-infected erythrocytes overlaps, but is distinct fi-om the LFA-1 binding 
si7e. Cell. 68:71-81. 

30. Johnson 3P, Stade BG, Hupke U, HolzmannB, Schwable W and ReithmuUer G 
(1988). The melanoma progression-associated antigen P3.58 is identical to the 
intercellular adhesion molecule ICAM-1. Immunology. 1 78:275-284. 

31. Miller BE and Welch DR (1990). Intercellular adhesion molecule-1 (ICAM-1) 
expression by human melanoma cells: association with leukocyte aggregation and 
metastatic pdtential. Clin. Exp. Metastasis. 8:80. 

32. Lea SM, Powell RM, McKee T, Evans DJ, Brown D, Stuart DI and van der Merwe 
PA (1998). Determination of the affinity and kinetic constants for the interaction 



-32- 

between the human virus echovirus 11 and its cellular receptor. CD55. J. Biol. 
Chera. 273:30443-60447. 

Davies CDL, Muller H, Hagen I, Garseth M and Hjelstuen MH (1997). 
Comparison of extracellular matrix in human osteosarcomas and melanomas 
growing as xenografts, multicellular spheroids and monolayer cultures. 
Anticancer Research. 17:4317-4326.34. 

Stojd! DF, Lichty B, Knowles S, Marius R, Atkins H. Sonenberg N, Bell JC 
(2000). Exploiting tumor-specific defects in the interferon pathway with a 
previously unknown oncolytic virus. Nat Med. 6(7):821-5. 



30. MAY. 200? 17:45 SPRUSON i FERGUSON 92615486 



SO. 8667 P. 6/13 



33 

r- 

O The daimsdefinmg the iBVCDtion are as follows: 

^ 1 A method for treating soUdtamoui or caacer in a ^.bject, the method 

5 ean.prisingadmi.u^ru.stothesub3ectancfFec*ivean^ 

S • oramodifiedform*ereof™difl>atatleastson.ecdbinthet«mo«rorcancera^^^^^^^ 

1— I 



O 
O 



CM selected ttom me group »A,u-««"B w „^„„i,ace9l 

^ vi™, . «.«»d ^.P ^'^i «f ^'^V .3. CAV,5, CAV>S, CAV2., 

4 Tlio melboa "caarding to any one of clamK i. »> ^ 
Co«acldeA^.p^n.ormodifiedfonnsorcombi.aUonsth«eofreco^^^^ 

5 The method according to any one of daams 1 to 4 vrherem *e 

. • j™<«;=tA,«dmtravenoaslY.intratiimoiiraUy,intraperitoneany, 
Coxsadde A group viius is admimstered mtrav enousiy, m 
iirtram«sadarly>traoculflrly,ondly,transdemiaUyortopicany. 

6 ThemethodaccordinBtoanyoneofdaimslto5.wheremsaxdm^od 

further comprises administering said viros to saidsubjeai^ 

20 aroomjtofadiemotherapeuticagent. ^ij^^^nd 

7 ■n,emethodaccaidingtoanyoneofclaimslto6,wheremsaidmethod 

ft^ercomprisesadministeringsaidvin.tosaidsubieetin^^^^ 

amount of a probiotic agent. 

, Aph»m«««W=o>np.*o»»l«"'»«^»'^'^e^'**'°™"'" 

groop vi^ or . modiS^i fonn *»of ^geto . pb™-«.»-lly «««^'« 

diluent or carrier. ^ . , . 

9 The pharmaceutical composition according to daim 8, wbercm the soUd 

tumot. or cancer is selected fiom the group consisting of ovarian canc^. P^creatic 
30 cancer, gastrointestinal cane., stomach cancer, intestinal canc«^ 

cancer, oesophageal cancer and gUoma. 

' 10 The pharmaceutical composition according to daim 8 or 9 wherem the 

Coxsadde A group vims is sdected from the group consisting of CAV13. CAV15. 
CAV18. CAV21. modified forms thereof, and combinations tbaeof. 
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S 11 The pharmaceutical composition according to any one ofdaims 8 to 

u:MQti/vne thereof 



CO 



O 



O 11. 1 ne pnarmatouuvoi vwuij-"- - v f 

recognise ICAM-1. ^©♦^^11 
12 Thephani^ceaticalcompositiooaccotdix^gtoaayoneofclaimsSto 1, 

fo^ulated' for adxnirtistcring intravenously, intratumourally, in^edtoneally, 
i„trar««scrfarly,intraocdarly,orany.tn«sderm3llyortop^^^^^^^ 
^ 13. ThephannaceoticalcompositioDaccordingtoanyoneofdam)s8tol2, 

fiHthercompriaifiganeffectivean^mtofachemotherapeuticagent 

14. ^pharmaceutical composition accordmg to any one of clauns 8 to 13, 

§ ,0 forther comprising an effective amount of piobiotic agent, ,„Mified 

10 luiu r . ,rrtTf«AcldeAjjroupvirusoramoaifiea 

O 15 useofaneffectiveatnountof aCoxsacne Agrouj; 

*,„nthereofinamethodfortreatingasolidtumourorcancerinas^octwhereinatl^ 

someccUsinflietumowarekilledbythevirus. 

J- 1 s wherein said solid tumour or cancer is 

16 The use according to clarai 1 5, wnerein saiu 

o^ccr, «o™.«h c^. ^ c»-. """-"^ 

cancer and glioma. r^^w^^fie^l 

. is •n»euseaccordingtaclaiml7,wbereinsaidsoUdtumourselectedfit,m 
thegroupcon^8ofovariancancer.pa»cr«iticcanccr.gas.n,mtestinal^^^ 
ca«^,intestinal cancer. coWtal cancer, oral cancer.oesophagea^ 

19 -nxeuseaccordingtoanyoneofclaims 15 to 18. wheremtheCoxsadae 
Agroup vims is selectedftomtiie group cons,stingofCAV13.CAVl5.CAV18.CAV21, 

modified forms thereof; and combinations thereof. 

20. -me use according to any one of claims 15 to 19 wherein die Coxsadcie 
A group vinis or modified forms or combinations thereof recognise lCAM-1 . 
„ 21 museaccoTdingtoanyoneofcIaimslStoaOwhereintheCoxsadue 

A group virus is administered intravenously, intratumourany. intiapentoneally. 
intramuscularly.intraocuIarly.orally.transdemiaUyortopically. 

22 TTic use according to any one of claims 15 to 21. wherem said 
medicament is suitable fornse in combination with an effective amount of 
35 chemotherapeutic ageat 
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8 23 Tlxe use according to any one of dain. 15 to 22. whereto said 

^ .edican^ent is suitable for use in combination, with an effective an.o«.t of probiot,c 



a 25 Th.m«h.d«o<,rilng»daim24wh=«n-dsoU<.to™.urorcaa«. 

^ cancer and glioma. 
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Figure 1 
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Figure 3 
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Figure 5 



3/10 




Figure 6 
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Figure 10 
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Figure 14 



Intratumoural treatment of preformed Me4405 tumours with CAV21 
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Figure 15 
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